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Introduction 33
Einkorn wheat (Triticum monococcum L. ssp. monococcum) is a diploid wheat which has 34 played a key role in the birth and spread of agriculture, but has since been replaced by other more 35 productive wheats. After a long period of neglect, it has lately been re-evaluated and re-proposed as 36 an interesting crop for modern agriculture, especially because of its outstanding nutritional 37 characteristics (Hidalgo and Brandolini, 2014; Løje et al., 2003) . Einkorn is well known for the high 38 content of proteins (15-18%), antioxidants (carotenoids, tocols and conjugated phenolic acids), 39 lipids (with a high percentage of unsaturated fatty acids) and microelements (Hidalgo and 40 Brandolini, 2014) . Its flour is excellent for the production of pasta and biscuits, but accessions 41 suited for breadmaking are also available. 42
The renewed interest in this crop is motivated also by its low environmental impact, as even 43 with reduced fertilisation (40-80 kg/ha vs. 180-200 kg/ha N for bread and durum wheat) gives flour 44 with optimal composition. Nevertheless, scant information is available on the influence of 45 agronomic management, and particularly of fertilisation, on the composition and the nutritional 46 quality of einkorn flour. Some inferences can be drawn from studies performed on other Triticum 47 M A N U S C R I P T
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6 Tocols extraction and quantification were performed by NP-HPLC as detailed by Hidalgo and 110 Brandolini (2010) . The following system and operating conditions were used: Alltima SI column, 111 250 x 4.6 mm, 5 µm (Alltech Associates Inc., Deerfield, IL, USA); Alltima SI guard column 7.5 x 112 4.6 mm, 5 µm (Alltech Associates Inc., Deerfield, IL, USA); mobile phase, hexane:ethyl 113 acetate:acetic acid (97.3:1.8:0.9, v/v/v); flow rate, 1.6 mL/min; pump L-2130 Elite LaChrom 114 (Hitachi, Tokyo, Japan); fluorimetric detector Jasco 821 FP Intelligent Spectrofluorometer (Jasco 115
Inc., Easton, MD, USA) at excitation-emission wavelengths of 290 nm and 330 nm, respectively; 116 connected to a Hitachi D-7500 integrator (Hitachi, Tokyo, Japan). The tocol standard curves were 117 constructed using eleven different concentrations (between 0.4 and 109.7 mg/L) of α-tocopherol 118 standard (Fluka BioChemika, Buchs, Switzerland) and thirteen different concentrations (between 119 0.4 and 72.2 mg/L) of β-tocopherol standard (Supelco, Bellefonte, PA, USA), in hexane:propane-2-120 ol (90:10, v/v). The tocotrienols were quantified using the standard curves of their corresponding 121 tocopherol. The calibration curves were linear (r 2 = 1.00; p ≤ 0.001) in the concentration intervals 122 assessed. The detection limits of α-tocopherol and β-tocopherol were 0.39 mg/L and 0.8 mg/L in the 123 standard solutions. The total tocols were computed as the sum of α-and β-tocopherol, and α-and 124 β-tocotrienols. All measurements were performed twice; the results are expressed as mg/kg DM. 125 Soluble conjugated and insoluble bound phenolic acids extractions and analysis were 126 performed by RP-HPLC as described by Brandolini et al. (2013) . The following operating 127 conditions were adopted: column Alltima C18 5 µm 4.6 mm x 250 mm (Grace Davison Discovery 128 Sciences, Deerfield, IL, USA), precolumn Alltima C18 5 µm 4.6 mm x 10 mm (Grace Davison  129 Discovery Sciences, Deerfield, IL, USA) thermostated at 30 °C; pump L-2130 Elite LaChrom 130 (Hitachi, Tokyo, Japan), column oven L-2300 Elite LaChrom (Hitachi, Tokyo, Japan); mobile 131 phase: A) 1% (v/v) acetic acid in water, B) methanol; flow rate 1.5 mL/min. The gradient, in terms 132 of eluent B, was: at time 0, 15%; at 10 min, 20%; at 16 min, 23%; at 24-28, 27%; at 30-34, 15%. 133 The HPLC system was controlled by the software EZChrom Client/Server version 3.1.7. TheM A N U S C R I P T A C C E P T E D The average protein concentration and ash content of the three tested einkorns (Table 1) are 153 similar to those described by several authors (e.g. Hidalgo and Brandolini, 2014; Løje et al., 2003) . 154
The sedimentation volume in SDS, which indicates the suitability of flour for bread production, 155 varied from poor to good between accessions ( Table 1 ). The Falling number and viscosity results 156 showed a broad range of variation that will be discussed in detail below. Table 1) . 177 , 1993; Kumar et al., 1995; Makowska et al., 2008; Novoa and Loomis, 1981) observed an 205 increase in protein content by increasing nitrogen fertilization. Furthermore, nitrogen supplied at the 206 heading stage induced a higher increase than when supplied at tillering, as it mainly contributes to 207 raise the protein content of kernels (Novoa and Loomis, 1981) . 208
The sedimentation volume in SDS was higher in 2012 (39.9 ± 2.87 mL) than in 2013 (25.7 ± 209 1.85 mL); the three accessions confirmed their different breadmaking attitude, which is good for 210 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT evident in the first two genotypes (Fig. 1) ; additionally, as mentioned above, the nitrogen 213 administered at the heading stage increased the protein content of the kernels and contributed to the 214 improvement of the breadmaking attitude of the flours. The influence of fertilisation on 215 sedimentation volume was observed also by Fares et al. (1993) was not affected by increasing levels of nitrogen, potash and phosphorus. 252
Tocols 253
The α-and β-homologues of tocopherol and tocotrienol were identified (Table 2) Table 3 ) 257 showed significant effects of all the three main factors and of most of the interactions; only for total 258 tocol the year per se was not significant (but the interaction YxG was very strong). Year and 259 genotype, per se or in interaction, accounted for most of the variation observed. Fertilisation had a 260 minor role; nevertheless, the most abundant tocol (β-tocotrienol) was influenced by the different 261 nitrogen concentrations. Fig. 2 shows the mean values (± standard error) of total tocol concentration in the three 263 accessions of einkorn cropped for two years with five different nitrogen fertilization profiles. In 264 SAL98-32 and Monarca, the total tocol content was lower in 2012 than in 2013 (Table 2) , while the 265 increase in nitrogen fertilisation led to a minimal reduction of these compounds (Fig. 2) . Among 266 accessions, SAL98-32 showed the highest total tocols content (70.5 ± 1.00 mg/kg DM), followed by 267
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Monlis (64.6 ± 0.99 mg/kg DM) and Monarca (61.7 ± 0.65 mg/kg DM). Hidalgo et al. (2009) derive from the condensation of homogentistic acid and phytyl-P-P. As geranylgeranyl-PP is also a 284 precursor of carotenoids, the environmental conditions that stimulate the synthesis of lutein mayM A N U S C R I P T
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In the conjugated fraction ferulic, vanillic, syringic, p-coumaric, p-hydroxybenzoic acids and 288 syringaldehyde were identified, while in the bound fraction ferulic, p-coumaric, vanillic, syringic 289 and p-hydroxybenzoic acids were recognised (Table 3) . Ferulic acid was the most abundant 290 compound in both the conjugated (65.1%) and the bound (92.8%) fractions; the conjugated phenolic 291 acids represented a small fraction (7.7%) of the total phenolic acids, as already highlighted by 292 Brandolini et al. (2013) . 293
The ANOVA of the conjugated phenolic acids (Supplementary Table 4) and of the bound 294 phenolic acids (Supplementary Table 5 ) showed significant effects of the three sources of variation 295 (and of their interactions) in almost all the cases. The only exceptions were year for p-296 hydroxybenzoic acid and genotype for syringic acid (conjugated phenols), as well as year and 297 fertilisation for p-hydroxybenzoic and vanillic acid (bound phenols). Year and its interactions 298 explained the majority of the variation in nearly all cases. As evidenced in Table 3, • Three einkorns were cropped for two years under different fertilisation treatments.
• The year influenced RVA parameters, carotenoid and phenolic acid concentration.
• Fertilisation improved SDS sedimentation, protein and phenolic concentration.
• Fertilisation slightly limited carotenoids and tocols synthesis.
• Einkorn needs limited nitrogen fertilisation to give flour with optimal quality.
